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PREFACE. 



The object of the following articles is 
to give to the practical miner as clear an 
idea as possible of the general principles 
of mine ventilation. The subject is one 
of the most important that can engage 
the attention of the mining engineer, and 

is one that should be well understood by 
all who are engaged underground. It is 
to be feared that this is far from being 
the case — that great ignorance still pre- 
vails in mining quarters on the subject, 
and that there is much need of a dissem- 
ination of information on the art of 
ventilating engineering. 

The fact that 586 lives were lost in 
1880 by explosions of fire damp empha- 
sizes the remarks of the writer as to the 
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importance of the question, and a con- 
sideration of the circumstances under 
which some of those explosions occurred 
force upon him the opinion that much 
has yet to be learned by many officials 
who are treated as competent. 

Every ordinary miner should have a 
knowledge of the subject, because — in 
fiery mines especially — the safety of the 
whole number depends upon the individ- 
ual action of each man employed. 

The writer has attempted to explain 
as much as possible, by the working 
out of examples arithmetically, the var- 
ious principles taken into consideration. 

To those who are masters of the sub- 
ject, some of the explanations given may 
be considered unnecessary ; his reply to 
this is, he has not written for them, but 
for those' who do not understand it ; and, 
for the sake of those practical men who 
are anxious to grapple with the question. 
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he has treated it as much as possible 
according to the simple rules of arith- 
metic. The most that will be required 
of the student in working out the ex- 
amples given is a practical acquaintance 
with the manner of extracting square and 
cube roots. 

The cause of motion in air has been 
explained in the first section, where it 
has been shown arithmetically that press- 
ure may be expressed eiSier by feet of 
air column, inches of water gauge, or 
pounds per square foot. 

The friction of air has then been dealt 
with, and several new formulae have been 
given, which will be found useful in 
working out practical examples. 

An explanation of sphtting has been 
entered into, and the difference between 
equal and imequal splitting has been 
explained. 

Ascensional ventilation is a matter 
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which deserves the attention of all min- 
ing engineers, and no doubt a proper 
knowledge of this art would enable 
Tentilating engineering to be conducted 
practically in a much better and far more 
economical manner than it usually is. 

Next, it has been considered necessary 
to draw particular attention to Velocity^ 
and to endeavor to fix some medium as 
the speed at which air should travel. 
Many practicaf men think the pit is well 
aired if the current is traveling at a high 
speed, but there is a medium in this as 
in other things. 

The co-efficient of friction, referred to 
especially, depends on the nature of the 
sides of the channel through which the 
air passes, and even in the same pit the 
co-efficient may be different according to 
the rubbing surfaces of the roads ; the 
smoother the sides the less the friction, 
and roads formed with brick work have 



only about one-half the friction of ordi- 
nary underground roads. 

The writer does not profess to have 
exhausted the subject, but he hopes by 
thus drawing attention to it that he will 
be the means of increasing amongst 
miners a knowledge of it. 

There are one or two other points in the 
subject which he would Hke to have gone 
into, but circumstances do not permit 
him to go further into the matter at 
present. 

His desire in compiling these articles 
has been to make them of utility to 
practical men, and he will be glad to 
know if he has in any degree succeeded 
in his object. 



THE YENTILATIOH OF COAL MINES. 



1. Motion in air is caused by pressure 
or difference of pressure — pressure is ob- 
tained by difference in density — and the 
movement is in the direction from the 
heavier to the lighter air. Pressure, or 
difference of pressure, as regards air 
circulating in mines, may be obtained ^ 
either by the appHcation of heat as by a 
furnace, or by exhausting the air me- 
chanically from the workings by a fan ; 
it is no matter which of these means is 
applied to procure difference of press- 
ure, the result will be the same with the 
same difference of pressure however ob- 
tained. 

2. If there are two shafts of equal 
depth, having a passage at the bottom 
connecting them, and the temperature 
and density of the air are the same in 
each shaft, then, as there is nothing to 
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destroy the equilibrium of pressure, the 
air will remain stagnant. 

3. If by some artificial means, as 
by a furnace, the temperature of one of 
the shafts is raised above that of the 
other, or there is an exudation of the 
lighter gases, then the air in that shaft 
will be less dense, and the air will move 
in that direction from the colder shaft — 
the heavier column descending and forc- 
ing up the lighter one with a velocity 
proportionate to the pressure caused by 
the difference of density. 

4. If the tops of the two shafts were not 
on the same level, the atmospheric press- 
ure would be the same at the same level 
above the surface, and the extra head of 
air above the shorter shaft, forming part 
of the outward atmosphere, would have 
the same effect as if it were contained in 
a shaft which rose to the same height. In 
this case, if the external temperature were 
lower than the temperature of the strata 
in which the shafts and the passage were 
made, the circulation of the air would be 
down the shorter shaft and up the longer 
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one. On the other hand, if the exterioi* 
temperature be higher thdn that of the 
Bhafts and strata, the shorter shaft will 
be the upcast. 

5. The motive column is a head of air 
of such a height that it will equal the 
difference of the weight between the air 
in the downcast and upcast shafts ; and 
it is found by calculation from this rule : 

M=Dx ^'"^' 



459 -f«, 

M= motive column D= depth of upcast 
in feet, t^ and t^ represent the tempera- 
tures of the downcast and upcast shafts 
respectively. * 

6. The motive column is really a meas- 
ure of the pressure in force producing 
the ventilation, and if it is required to 
express it in pounds per square foot it 
may be calculated by multiplying the 
depth of the shaft in feet by the weight 
of one foot of air at the average temper- 
ature of the air in the shaft. Do this for 
each shaft and deduct the one from the 
other, the difference will be the pressure 
producing the ventilation. The follow- 
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ing table gives the weight of a foot of air 
at various temperatures, and may be 
found useful to the stud^it for this and 
other purposes. 

Table showing the weight of a cubic foot of 
iiir in decimals of a pound avoirdupois, at differ- 
ent temperatures, calculated from the formula 

_ 1.32529X30 39.7587 



Tl 


~ 459-1-7 


~ 469-h« 


Tempera- 
ture t. 


Weight 

in 4^i°3als 

of a lb. 


Tempera- 
ture t. 


Weight 

in decimals 

of a lb. 


32 


.0809749 


120 


.0686678 


35 


.0804831 


125 


.0680799 


40 


.0796767 


130 


.0675020 


45 


.0788863 


135 


.0669338 


50 


.0781113 


140 


.0668751 


55 


.0773515 


145 


.0658256 


60 


.0766063 , 


150 


.0652852 


62 


.0763122 


155 


.0647535 


65 


.0758753 


160 


.0642305 


70 


.0751582- 


166 


.0637158 


75 


.0744544 


170 


.0632093 


80 


.0737638 


175 


.0627108 


85 


.0730858 


180 


.0622201 


90 


. 0724202 


185 


. .0617371 


95 


.0717666 


190 


.0612614 


100 


.0711246 


195 


.0607931 


105 


.0704941 


200 


.0603318 


110 


.0698746 


205 


.0598775 


115 


.0692660 


212 


.0592529 
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7. The force which operates in putting 
air in motion may likewise be expressed 
by saying it is equal to so much water- 
gauge, generally expressed in inches and 
decimals. With air and water , at a tem- 
perature of 62**, the following rules will 
apply for converting the pressure into 
diflferent terms : 

Water gauge in inches x 5.196= 
pounds per square foot. 

Pounds per square foot divided by 
.0763122 = length of motive column in 
feet. 

8. The velocity of air without resist- 
ance is the same that a body would attain 
in falling the height of the motive column, 
so that if there is a difference of pressure 
equal to 34 ft. of air column, the theo- 
retical velocity of the air would be about 
47 ft. per second, because a falling body 
under the force of gravity, would attain 
a velocity of 8.025 times the square root 
of 34, or 47 nearly. It will thus be seen 
that were it not for the resistances 
encountered by air in passing along un- 
dergroimd roads, a very small pressure 
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would suffice to produce a great velocity. 
To show the theoretical velocity due to 
various pressures or motive columns, the 
table following has been constructed ; 
from this we see that with 2 in. of water 
gauge, a very common pressure in col- 
liery ventilation, a velocity of 93 ft. per 
second would be attained, but as air is 
retarded in its movement by rubbing 
against the sides of the channels, nothing 
Hke the theoretical velocity is reached in 
practice. The table shows Hkewise the 
pressure variously in pounds per square 
foot, inches of water gauge and feet of 
air column. 

9. In practice from ten to twenty times 
as much pressure is required to give that 
momentum to the air which would suffice 
for the final velocity, on account of the 
friction air meets with in rubbing against 
the sides of the airways in passing round 
the underground workings. 

10. If the whole friction of a mine be 
measured by 2.18 in. of water gauge, and 
the final velocity of the air in the upcast 
is 30 ft. per second — a common enough 
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Table showing the comparative height of 
water gauge and air column at a temperature 
of 62 degs. Fahr., with pressure in pounds per 
square foot and theoretical velocity of air due 
to this pressure. 

Note. — Weight of cubic foot of air at 62 
degs. =.0763122 lb., and of water =62.'355 lb. 



W ater- 

g&uge in 

inches. 


Pressure 

in pounds 

per square 

foot. 


Motive 

column 

of air 

in feet. 


Velocity of 

air in feet 

per second 

due to motive 

column. 


A = 


B- 


C= 


D= 


B 


A X 62 . 355 


B 




5.196 


12 


.0763122 


8.025 VC 


.1 


.5196 


6.81 


21 


.2 


1.0392 


13.62 


30 


.3 


1.5588 


20.48 


36 


.4 


2.0784 


27.24 


42 


.5 


2.598 


34.04 


47 


.6 


3.1176 


40.85 


51 


.7 


3.6372 


47.66 


. 55 


.8 


4.1568 


54.47 


59 


.9 


4.6764 


61.28 


63 


1.0 


5.196 


68.09 


66 


2.0 


10.392 


136.18 


94 


3.0 


15.588 


204.27 


115 


4.0 


20.784 


272.36 


132 


5.0 


25.980 


340.45 


148 


6.0 


31.176 


408.55 


162 
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velocity in furnace shafts — ^the tempera- 
ture of which is, say 135°, it will be found 
by calculation that 2 in. of this pressure 
is due to friction, the decimal portion 
only being required to produce the veloc- 
ity, the water gauge due to final velocity 
♦being found thus : 

30' 1.32529x30 
\ 64T^ 469 + « 



5.196 

The table given on page 18 has been 
prepared to show the height of water 
gauge required to generate the theoreti- 
cal final > velocities at various tempera- 
tures; this deducted from the total 
height of water gauge gives that which 
is to be referred to friction. 

Example : — The quantity of air passing 
in an upcast having an area of 140 ft., is 
210,000 cubic ft. per minute ; the veloc- 
ity is therefore 25 ft. per second, the tem- 
perature is 210°, then the water gauge 
due to velocity is by the table equal to 
,111 inch. 
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THE RESISTANCE OF AIR IN MOVING ALONG 
UNDERGROUND PASSAGES. 

11. All experiments hitherto made with 
respect to the movement of fluids of 
every kind in pipes, passages or channels 
tend to prove that the resistance lio the 
motion of the fluids is in proportion to 
the length of the passages traversed, to 
the perimeter of the section of the pass- 
ages, to the square of the mean velocity 
of. the fluids, and in inverse ratio to the 
section, or nearly so. 

12. The following rules apply to the 
friction of air in moving along level pass- 
ages of uniform size : — Let a = area of 
airways in square feet ; h = hors6 power 
of ventilation; k= co-efficient of friction; 
I = length of air channel ; o = perimeter 
of air channel ; p = pressure in pounds 
per square foot ; q = quantity of air cir- 
culating in cubic feet per minute ; s = 
area in square feet of rubbing surface 
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exposed to the air ; w = units of work, 
foot pounds or power applied to circulate 
the air; y= velocity of the air in feet per 
minute; tij= water gauge in inches; then 

- ^kao^ _pa ksv^q ksv* ^ 

pv V 
38000 ""33000 

SV^ SV* SV'^ 8V^ * 



u 



ks 



a a 



o 
5. — o=j' 

V 



a q ^ . \ '^ ksl a 

pa ksv* u 



a q av 



7.-pa=fcsv'= (W^f^s^l- 
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u ksv* 



" «/f»=Vj«. 



9 _5=^= u^_qp__jvpa_ __^^ 



10. — u=:qp=vpa=^ ^=k8V = 

q5\w=:hSS,000. 

/)« a ks ks ks 

ks ks ks 
ksv^ 
14. — tc= a =-=-7* 
"51 '^ 

13. These formulae coniprise the press- 
ure referable to i*esistance, but not that 
necessary for producing velocity; so 
that they may be looked upon as more 
<5orrect for long passages than short 
ones; that is to say, the pressure re- 
quired for the final velocity becomes a 



23 



emaller fractional part of the whole drag 
as the pit workings extend. In a general 
way, for the sake of simplicity, the stu- 
dent need not take into account the 
pressure necessary for velocity; but if 
he desires to do so, instead of using p 
let him use p—pv ; Pv being the pressure 
required to generate the final velocity. 
In this case, * 

Instead of using a= substitute 



p p-p^ 

Instead of joa=^5y', use a{p—pv)=ksv^. 

Instead of »= , use»— »«= ,or 

a a 

ksv* 

p= + Pv* 

a 

Instead of s = ^-7, use , a • 

fCV fcv 



Instead of «=|/4?- use Wi^^I^. 

ks ^ ks 

14. The co-efficient that will be used 

in working out the examples given in the 

following paragraphs will be that adopted 

by Mr. Atkinson, viz., .0217 lb. per square 

foot of area of section for every foot of 
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rubbing .surface and for a velocity in 
the air of .1,000 ft. per minute; or 
.0000000217 lb. for a velocity of one foot 

per minute, or jg^-. 

15. The area of a road, if square or 
rectangular, is found by multiplying the 
two sides together; thus a road 6 ft. 
high and 5 ft. wide = 30 ft. area. The 
perimeter of the same road would be 
2x6+2x5=22. 

The rubbing surface is found by multi- 
plying the perimeter by the length; thus 
a road to continue for 1,000 yards in 
length, and measuring 6 ft. X 5 ft., 
would have a rubbing surface (s) of 
(1,000 X 3 X 22) = 66,000 square feet. 

17. The quantity of air in cubic feet 
per minute is obtained by multiplying 
the velocity in feet per minute by the 
area; the horse power is obtained by 
multiplying the quantity by the pressure 
and dividing by 33,000. 

18. The student must take care to 
clearly understand the difference between 
pressure (p) and power {u). Pressure is 
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the force per square foot producing the 
rentilatiou, and power is the quantity 
passing multiplied by the pressure. 

19. The co-efficient is found by divid- 
ing the pressure by the rubbing surface, 
multiplied by the velocity squared, divi- 
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ded by the area, or the value of 

divided in the pressure (p). 

20. The resistance is according to the 
length of the air channel for the same 
quantity of air, thus, if a mine were ex- 
tended from 1,000 to 2,000 yards, the 
resistance would be doubled. 

21. The resistance is according to the 
square of the velocity, and aircourses 
having the same pressure, area and peri- 
meter, but different lengths, will pass 
quantities in accordance with the recip- 
rocal of the square root of the length, or 
the square foot of the length divided 
into one. Suppose an aircourse 200 
yards long pass 7,071 cubic feet, the 
quantities that will pass in aircourses of 
400 and 600 yards long, with the same 
pressure, area, and perimeter, will be 
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5,000, and 4,082 respectively, because 

.04082 and the fact that Iq^ for each air- 
way gives the same result proves the 
question. 

22. The quantity of air circulating in a 
mine is according to the square root of 
the pressure ; in furnace ventilation the 
pressure increases with the depth (pro- 
vided the diflPerence of temperature be- 
tween the two shafts be maintained) and 
the ventilation with the square root of 
the depth of the upcast, so that by add- 
ing a stack of 30 ft. at the top of an 
upcast 150 fathoms deep the ventilation 
capabilities would be increased about 

23. If we obtain a certain quantity by 
a furnace and another by steam jet or 
other means, the combined effect will be 
according to the square root of the 
square of the one added to the square of 
the other ; for example, if a mine circu- 
lates 25,000 cubic feet of air per minute 
by furnace alone, and 22,000 by steam 
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jets alone, the quantity of air that will 
pass with the two acting together will be 
be V2500b^ + 22006^=33,301. 

24. The quantity of air passing is 
according to the cube root of the power 
applied, and vice versa, the power neces- 
sary is according to the cube of the 
quantity ; thus to treble the quantity of 
air in a mine the power necessary would 
be twenty-seven times as much, and if by 
an expenditure of 70,087 units of work 
16,848 cubic feet be obtained, the quan- 
tity that would be got by employing 
277,045 units would be 26,639, because : 



168^X 3 V277045 ^^^^^^ 
^ a/70087 

25. The quantity of air passing in air- 
ways of different areas, other things 
being equal is according to the square 
root of the area multiplied by the area. 
Thus, the pressure and rubbing surface 
being the same in each case, the quantity 
passing in an airway of 30 ft. area, when 
20,000 ft. pass in one of 60 ft. area, will 
be 7,071, because 
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V30 X 20000 30 _ 

Veo" ^60-''"'^- 

26. To make airways of different 
lengths of such area as to pass an equal 
quantity with the same pressure, appor- 
tion them according to the formula 



a = 



V— 

^ k8 

Thus, in a coal mine ventilated by five 
different splits or air currents: 

The first 200 yards long and 9 ft. area, 
" sec6nd 400 " " ? " 

" third 600 " " ? " 

" fourth 800 " " ? " 

" fifth 1,000 " " ? " 

The areas of each of these, to pass the 
same quantities with the same pressure, 
will be found thus : reckoning the peri- 
meter to be the same in each case, and 
taking the length in feet as the rubbing 
surface, and 10,000 cubic feet as the 
quantity passing in each road, then u 
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will be found for the first air way ^by 
—^1X^=17,860, and the value of 

3 




-j~ in each of the other roads is : 

2nd, 881.883, 

3rd, 770.400, 

4th, 699.955, 

5th, 649.780, then: 
^ 10000 

^' 88i:88y = ^^-^^^^^^^- 

^ 10000 

^—77000=^2-^^^ " 

, 10000 , , „ 

_ 10000 , ^ „„„ 
'-- 6iO80-=l^-3«^ " 

and the correctness of these areas is 
proved by finding the amount of press- 
ure, p, for the assumed quantity, which 
ought to be the same in >each case as 
below : 
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1.— 



.0000000217 X 600 x (^-) ^ 



= 1.786 lb. 



2.— 



.0000000217 X 1200 x (^^-g) ' 

11.339 ^1.786 lb. 



a- oooooo oi^i7xi800x(^) ' 

12.98 =1.785 lb. 

^_.0000000217^3000x(g^^ 

15.389 =1,785 lb. 

which is sufficiently near. Or, as in this 
question the quantity {q), the power (w), 
h and q are all the same, we may cancel 

these factors in the equation a= — y- 

^ ks 

which will then be reduced to ^ a/^, then 
the areas will be simply according to the 
cube root of the rubbing surface (s) ; 
and, as in this we consider the length as 
the rubbing surface, because the peri- 
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meters are all taken as equal, the result 
will be according to the cube root of the 
length, thus: 

1. WeW = ^4343. 

2. 3v^[206 = 10.6269. 

3. 3^1800 = 12.1644 

4. 3\/2460 = 13.3884. 

5. 3y'3000 = 14.4222. 

"We now say : 

area. 
If 8.4343 : 9 : : 10.6269=11.339 of 2nd airway. 
*' 8.4343 : 9 : : 12.1644=12.980 of 3rd 
'* 8.4343 : 9 : : 13.3884=14.286 of 4lh 
" 8.4343 : 9 : : 14.4222=15.389 of 5th 

which areas are precisely the same as 
those obtained above. 

27. If a continuous undivided road 
passing one current of air be of various 
dimensions, for the purposes of calcula- 
tion it may be reduced to one typical 
road of uniform size throughout, the 
length {I') of which may be found by 
this rule : 

, a'* s 
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a' = area of typical road; o' perimet^ 
of same, a and a = rubbing surface and 
area respectively of the original uneven 
road at each series of dimensions. 

Example : The following are the meas- 
urements of an airway, and it is desired 
to calculate the length of a typical road 
which will measure 6 ft. square uniform- 
ly throughout, and that will offer equal 
resistance to it. 



With a road 6 ft. square, 
equal 1,944. 



a 



'3 



will 



o 



Length 
Feet. 



700 
300 
400 
500 
200 



2,100 



Length of 
Area, i ^T' ^^^.^^^^l typical 
Size. 1 " ™^*®^- 1 ^^^^?c^- Iroad =V^ 



a 
Feet. 



o. 



s—lo. 



Feet. Feet. 1944 x 



8 



a 



8* 



7x5; 
4x5 ' 
8x3! 
6x51 
4x4i 



35 


24 


: 16,800 


761.7 


20 


18 


5,400 


1312.2 


24 


22 


8,800 


1237.5 


30 


22 


11,000 


792. 


16 


16 


1 3,200 


1518.6 



( Length of ) 

-j Original Typical >■ 
( road. road. ) 



5622. 



Thus we see that the length of the new 



33 



ro^-d would be 5,622, the old one being 
2,100 ft.; and this may be proved in the 
following manner : — Put the quantity of 
air passing at 10,500 cubic feet per min- 
ute, then the pressure (p) for each part of 

the original road will be found by — = 

lbs. 



o 

d 
o 

43 1 

«M 
O 

t:. 

09 

o 

08 



.0000000217 X 16800 X 300' 

1— ^^ = .9374 

. 0000000217 X 5400x525' 
^- 20 ^16143 

.0000000217 X 8800 x 437.5' 



3.—' 



24 



=1.5229 



.0000000217 X 11000x350' 

^'~ ^^ = .9747 

.0000000217 X 3200 x^656.25' 

^'~ ^^ =1.8690 



=6.9188 



Typical road: 
.0000 000217x 134928 X 291.6666' 

"36 

The correctness of the result is shown 
by the pressure, p, required to pass the 
same quantity (which is taken at 10^500) 
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through the typical road, being the same 
as is required in all the different parts 
of the original road put together, viz., 
6.9188 lbs. 

There are one or two useful practical 
lessons to be learnt from this illustration. 
In the first place it will be seen that the 
typical road of 6 ft. square and 5,622 ft. 
long will offer exactly the same amount 
of resistance — with the same quantity of 
air in motion — that is offered by the 
irregular road, the dimensions of which 
are expressed in the five series of figures. 
It is noteworthy that that part of the 
uneven road measuring 700 ft. long, and 
7 ft. by 5 ft., only requires about half the 
pressure which is necessary to keep in 
circulation the same amount of air in 
that portion of the road measuring 200 ft. 
long, and 4 ft. by 4 ft. ; this is of great 
importance practically and shows how 
the ventilating power of mines may be 
used up and wasted, as indeed, it too 
often is, by contracted airways. 

28. The power required to circulate 
10,500 ft. of air through an airway 1,000 
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yards long and 7 ft. by 5 ft., amounts to 
42,182 units per minute, whereas the 
power required to circulate the same 
quantity through a road the same length, 
but only 4 f fc. square, would amount to 
294,368 units* per minute. In other 
words, it would require an engine nearly 
seven times the power to pass the same 
quantity through the smaller airway as 
through the larger one. 

29. The relative powers required to 
pass equal quantities of air through air- 
courses of the same length, but different 
areas and perimeters (o) will be found by 

/1\8 
this rule — ol — j, — and the table below 

shows the result of this worked out for 
five different sized airways : 



Size of 
airways. 



6 
5 
4 
8 
2 



X 
X 
X 
X 
X 



6 
5 
4 
8 
2 



0. 


a. 


24 


86 


20 


25 


16 


16 


12 


9 


8 


4 



i^r- 



.0005144 
.0012800 
.0039062 
.0164608 
.1250000 



Relative 
powers mak- 
ing tbe road. 

6x6=1. 

1. 

2.29 
7.59 
32. 
243. 
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Thus it will be seen that to pass the 
same quantity of air through a road 3 ft. 
square as through one 6 ft. square of the 
same length will require thirty -two times 
the power, &c. 

30. In a channel or aircourseof uneven 
area and perimeter along which the air 
travels in one current, and which in cal- 
culation must be taken in a series of 
lengths of uniform size, the proportion 
of pressure or power that is taken up by 
each part of the road will, be found by 



(-)' 



this rules , or s ( — 

31. The pressure or power required to 
overcome the friction in passing equal 
quantities of air through circular airways 
or shafts is in inverse proportion to the 
fifth power of their diameters, or directly 

in proportion to o ( — J. 

• ' • 

The table on next page shows the rela- 
tive pressure and powers required to over- 
come the friction in passing the same 
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quantities of air through airways or 
shafts of the given diameters. 
• By the table it will be seen that 243 
times the power will be required to pass 
the same quantity of air through a shaft 



Diameter of 




Relative powers 


shaft or 


Rule. 


for the same 


airway. 




quantity. 


18 


185 


1. 


16 


165 
185 


1.80 


14 


146- 
185 


3.51 


12 


125 ~ 
185 


7.59 


10 


i05 

18=^ 


18.89 


8 


"85"" 


57.66 


6 


185 _ 


343. 
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6'ft. diameter that is required to pass it 
through an 18 ft. pit, or through airways 
of .these dimensions. The reader will do 
well to prove this, and he may do so by 
taking the usual co-efficient, and ascer- 
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taining the powers necessary for passing, 
say, 30,000 ft. of air through two airways, 
say, of 6 ft. and 18 ft. diameter respect* 
ively, and each, say, 500 yards long. 

This will be found by the rule u= ^, 

which for the 6 ft. diameter channel 
will be: 

.0000000217 X 28274.4 x 1061.04* x 30000 



28.274 
732,839 units, and for the channel 18 ft. 
diameter: 

.00000 00217 X 84823.2 x 117.89" X 300 00_ 

254.469 
7QOQQQ 
30,169 units, and ^^^^ = 243 nearly, 

which proves the question. 

And the quantity of air that will pass 
in such airways with the same power is 
in inverse proportion to the cube root of 
the relative powers; or with the same 
pressure in inverse proportion to the 
square root of the relative powers. 
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THE EFFECT OP SPLITTING THE AIK. 

32. In this place it seems desirable to 
explain what is meant by " splitting the 
air." Originally it was the usual custom 
to circulate the air through a mine in 
one undivided current, down one ohaft, 
around the workings, and up the other 
shaft, and this plan is still in use in some 
simple cases. When this one current is 
divided in the mine into two or more 
currents, which unite again at or before 
reaching the upcast, it is said to be split. 
Splits may be of equal or unequal 
length and area. The expression " two 
equal splits " means that the original one 
current is divided into two currents, 
each of half the length, but both with 
the same area as the original one. It 
must be noted that the phrase *' equal 
splits " is more a mathematical than a 
practical one, for it may be safely said 
that to split a current into two, three, or 
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more equal dimensions is never done 
practically ; it can, however, in some 
cases be done nearly. After this explana- 
tion it will be understood that theoreti- 
cal splitting will always show a some- 
what better result than practical split- 
ting, because, owing to the varied cir- 
cumstances of the mine, the air cannot 
always be exactly . equally divided, and 
in practice, as a rule, the aggregate 
length of the various splits will h^^ some- 
what longer than the origiual one cur- 
rent ; or the splitting will take place too 
far in-bye, or reunite again too far away 
from the bottom of the upcast. No one 
understood this 'better than the late Mr. 
Atkinson ; hence he says: — "Every prin- 
cipal split of air should commence as 
near as possible to the bottom of the 
downcast shaft, and should have a dis- 
tinct airway to return in." 

In the calculations which will be 
brought forward in this chapter with ref- 
erence to splitting, it will be on the as- 
sumption that the splits take place at 
the bottom of the downcast, and re- unite 
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at the bottom of the upcast — ^in fact that 
the splits are equal. Unequal splitting 
will be taken into consideration in the 
next section. 

Suppose the original aircourse of the 
mine to measure 40 ft. area (a), and 120,- 
000 rubbing surface (s) ; by splitting 
into two equal currents we should get 
two airways each 40 ft. area (a). and 60,- 
000 rubbing surface; by splitting into 
three cur-rents we should have three air- 
ways, each 40 ft. area and 40,000 rubbing 
, surface ; the area, after splitting, being 
two or three times that of the original 
airway, according to the number of 
splits, but the total rubbing surface re- 
maining the same throughout. 

It is necessary here to explain further 
that when this original one current is 
divided into two equal splits, they may 
be considered as one current with double 
the area, but with the same rubbing sur- 
face. When divided into three equal 
splits, these, three divisions may be con- 
sidered as one airway of treble the orig- 
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inal area, but with the same rubbing sur- 
face, in fact, as tabulated below : 







a. 


s. 


OrieriDal current 


40 


120,000 






Two equal splits 


(1... 
•• i 1... 


40 
40 


60,000 
60,000 


Equal one current. . . 


80 


120,000 






Three equal splits 

• 


CI... 
( 1... 


40 
40 
40 


40,000 
40,000 
40.000 


Eoual one current. . . 


120 


120,000 







This will be proved arithmetically fur- 
ther on. 

33. The benefit derived from splitting 
depends very much upon the relative rub- 
bing surfaces and the areas of the shafts, 
as compared with those of the mine, and 
unless the friction due to the shafts be 
taken into account when the effect of 
splitting is calculated, the result will be 
fallacious. 

*Were it not for the resistance of the 
shafts, which, of course, varies with the 
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quantity of air passing, the result of 
splitting would be more easily calcu- 
lated. 

34. It may perhaps be better, for the 
sake of the student, that we should in 
the first place consider the effect of split- 
ting without taking into account the 
shaft resistances, so that he may ac- 
qu>unt himself gradually with the pro- 
cess of calculation, and eventually see 
the difference of the two results. 

35. The following example is given 
for calculation : the quantity of air pass- 
ing round a mine in one current before 
sphtting is 10,000 cubic feet per min- 
ute ; the area of the aircourse is 20 ft., 
and the rubbing surface is 24,000, what 
quantity will circulate when the current 
is split into 2, 3, 4, 5, 6, and 10 equal 
divisions, the pressure remaining the 
same? 

In the first place the pressure (p) for the 

one current may be found by the rule > 

a 

this will be 6.51 lbs. The effect of split- 
ting into 2, 3, &c., divisions, as has bee^ 






44 



we use 



explained in paragraph 31, is to double, 
treble, &c., the area, without altering the 
rubbing surface, and as the quantity is 

obtained by the rule y 77- X «, 

this to find Hhe quantities with the vari- 
ous splits in operation ; but as p, k, and 
s are the same in all these instances, the 
formula will be reduced to this simple rule 
Vax«, and the relative quantities will 
be according to the square root of the 
area multiplied by the area, as tabulated 
below : 



No. of 

splits. 



1 
2 
3 
4 
5 

10 



8. 


a. 


24,000 


20 


24,000 


40 


24.000 


60 


24,000 


80 


24.000 


100 


24,000 


120 


24,000 


200 



pa 



/!-: 



xa. 



10.000 

28,284 

61,961 

80.000 

111,808 

146,969 

816,228 



a 



6.51 
6.51 
6.51 
6.51 
6.51 
6.51 
6.51 



or the question may be worked out with- 
out reference to the actual dimensions of 
the c areas and rubbing surfaces in each 



45 



case, further than considering the areas 
to vary as 1, 2, 3, 4, &c. Then the 
quantities that will pass will be most 
simply found thus:— If -v/Fxl : 10,000: 1 
a/2x2 : =28,284, the quantity wiji two 
splitSj and if VTxl : 10,000: : VlOxlO 
: = 316,228, the quantity with ten splits 
as above. 

An example similar to this is given 
further on, showing what the result will 
be after taking into account the shaft re- 
sistances. 

36. If the power is to remain the same, 
instead of the pressure, and the original 
aircourse passing 10,000 cubic feet per 
minute, the quantity that will pass in 
each case of 2, 3, 4, 5, 6, and 10 equal 
splits will be simply in direct proportion 
to the area:— 1, 10,000; 2, 20,000; 3, 
30,000 ; 4, 40,000 ; 5, 50,000 ; 6, 60,000 ; 
10, 100,000. The rule to find the quan- 
tity when the power {a) is given being 






V— X ci, but k, s and ic being the same 

in the case of all the spHts, these may be 
canceled, and the quantities will be di- 
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rectly according to the area as stated 
above. 

37. There is a great difference between 
splitting the air and adding an additional 
aircourse of the same length and area as 
the original one; thus, in dividing one 
current into two equal splits, we get an 
increase from 10,000 to 20,000 with the 
same power, but by adding an additional 
aircourse the increase will only be from 
10,000 to 15,874; this may be worked 
out as follows: 

Take a to equal 36 and a to equal 
18,000, then the power is found by the 

formula ^=8371.4 foot pounds = u. 

a 

With the additional aircourse "a" and ",?" 

will be doubled, and as the velocity is 



got by |/ -^ , we use these figures 
^ ^ 8371.4 



y- 



V- 



.0000000217x36-000><'^^'^^^"^*^" 
quantity which is equal to 15,874 cubic 
feet per minute, or the quantity is accord- 
ing to the reciprocal of the cube root of 
the rubbing surface multiplied by the 
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area ; as both s and a are in the propor- 
tion of one to two we say, 

If ^y\x 1 : 10,000 : •!i^x2: =15,874, 

the same as above. 

38. So far, we have not taken into 
account the shaft resistances, but in the 
next example we will do so. 

If there are 10,000 cubic feet of air 
passing through a mine in one current, 
the resistances of the shafts at that time 
being equal to the resistance of the mine, 
what extra quantity of air will pass 
through the mine by adding an addi- 
tional aircourse, same length and area as 
•the original one, the power remaining 
the same? 

In order to make the resistance of the 
shafts and mine equal, take the area and 
rubbing surface of each the same. With 
the addition of another aircourse, both 
the area and rubbing surfaces in the 
mine are doubled. Proceeding in this 
way, the results have been obtained as 
follows : 
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Divisions 
of air. 


Q- 


a. 


a. 


P' 


u. 


1< 


Shafts.. 
Mine . . . 

Total... 


10,000 
10,000 


86 
36 


18,000 
18,000 


.88714 
.88714 

* 


8371.4 
8871.4 








86,000 


16743 8 


'Shafts.. 
2 J Mine . . . 


11,694 
11,694 


86 


18,000 
86,000 


1.1455 
.28662 


18394.8 
8848.5 




^ Total... 




16742.8 



Having taken the area of the shaft and 
mine at 36, and rubbing surface of each 
at 18,000 "with one current, we find that 
the power required to pass 10,000 ft. 
through the mine and shafts amounts to 
16742.8 foot pounds (u). The value oip 
is obtained by 



{i)\sxk. 



a 



and of uhj qp. 



Now, in order to apportion the power 
that will be used up by the shaft and 
mine after making the additional air- 
course, we put the two aircourses of the 
mine into one, the dimensions of which 
will be 72 a and 36,000 8 ; and use the 
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formula given in paragraph 30, viz., j — ) • 

By this we find 13394.3 unite are re- 
quired to pass the sam^ quantity of 
11,694 cubic feet per minute through the 
shafts that 3348.5 units will pass through 
the mine. Or, the power used in the 
shafts will be found thus : 



16742.8 X 18000 x(^)' 



18000x(l)V36000x(^) 
that of the mine thus : 
16742.8 X 36000 x(^) 



= 13394.3 



= 3348.5 



18000xQV 36000 (i^)^ 

Total 16742.8 

39. If the resistances of the shafts are 
half those of the mine when there are 
five equal splits, and there are 10,000 ft. 
of air passing in one current before 
being split at all, the quantities that will 
pass through the mine with 2, 3, 4, 5, 6, 
and 10 equal splits are stated in the 
table on pages 50 and 51, the same ven- 
tilating pressure being in operation. 
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DivisioD of the 
current. 



. j Shafts. . 
MMine... 

n j Shafts . 
"^ i Mine . . . 

Q i Shafts . . 
"^ I Mine . . . 

. j Shafts . . 
*(Mine... 

f. { Shafts . . 
^ I Mine . . . 

rt j Shafts . . 
^ ( Mine . . . 



-^j Shafts 

^"(Mine 





Belati 


8. 


a. 


1. 


2. 


1 


10 


2 


2 


1 


10 


2 


4 


1 


10 


2 


6 


1 


10 


2 


8 


i 


10 


2 


10 


1 


10 


2 


12 


1 


10 


2 


20 



8 



i-J 



P = 



a 



001 
^25 

^251 

.001 
.03125 

.032^5 

.001 
^009259_ 

.0r025 9 

.001 
.00390625 

^00490625 

.001 ' • 
.002 

.m 

.001 
^0011574^ 

.0021574 

.001 
.00025 

.00125 
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• 


Actual. 




8. 


a. 

5. 

100 
20 




^ /'/k.x'* 


4. 


6. 


7. 


12.000 
24,000 


.02604 
6.51 


10,000 
10,000 






6 . 53604 




12.000 
24,000 


100 
40 


.20207 
6 33387 

6.53t5U4 


27,898 
. 27,898 


12,000 
24,000 


100 
60 


. 63710 
5.^9894 

6 . 53604 


49,463 
49,463 


12,000 
24,000 


100 
80 


1.33219 
5 . 20385 

6.53604 


71,526 
71,526 


1 12.000 
24,000 


100 
100 


2.17868 
4.85736 

6.58004 


91,469 
91,469 


12, COO 
24,000 


300 
120 


3.029 9 

3.50045 


107,863 
107,863 






. 5i^604 




12,000 
24,000 


100 
200 


5.22883 
1 . 80721 


141,704 
141,704 


r 




6.58604 
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In this table it is shown that, with six 
equal splits and area taken at 120, and 
rubbing surface 24,000 the pressure re- 
quired to pass 107,863 ft. through the 
mine is 3.50645. Here we have taken 
the six equal splits as one current, and 
to show that this one current would be 
equal to the six splits taken collectively 
we give the following figures : 



6 equal splits = 



s. 



a. 



4000 20 
4'OOiO 
4000 20 
4000 20 
4(:00;20 
4000 20 



i>. 



y 3.50645^ 



Q- 



17977i 
179771 
17977J 
179774 
17977J 
17977i 



All the splits are reckoned to be divi- 
ded at the bottom of the downcast, and 
to re-unite at the bottom of the upcast. 
They are therefore all to be considered 
as subject to one common pressui'e; tak- 
ing this for each at 3.50645, and using 

the formula y ^~- x a, we shall find that 

each separate spht will pass 17977^ ft, 
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and the total quantity in the six splits 
will be 107,863 ft., and therefore one 
current having s =24,000 and a = 120 is 
equal to six divisions taken together, 
each of them having s=4000 and a =20. 
Here a of shafts has been made to. 
equal 100 and 5=12,000, and of mine 
when there are five splits a=100, «= 
24,000, for by these conditions we shall 
have the resistances of the shafts half 
those of the mme when there are five 
equal splits, as desired in the question. 
In explanation of the figures given under 
columns s, a, and p " relatively," it may 
be said that the rubbing surfaces of the 
shafts and mine are in the proportion of 
1 and 2, both in the case of the one cur- 
rent, and all the splits and the areas are 
in the proportions given in the second 
column; the third column shows the 
relative pressure required to pass equal 
quantities through airways having the 
conditions given in columns 1 and 2. 
With reference to the figures in column 
6, they are obtained by apportioning 
them according to their relative press- 
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ures in the third column ; thus, the 
pressure per foot at work in producing^ 
the ventilation is 6.53604 lbs., when 
10,000 ft. pass in the one current, the 
result being got at by working out 
both for the shafts and mine the rule 



(i) 



2 



a 



; and we say; for example, in 



the case of two splits, if .03225 give 
6.53604, what will .001 give? and, if 
.03225 give 6.53604, what will .03125 
give? by which we obtain .20267, the 
pressure required in the shafts, and 
6.33337, the pressure required for an 
equal quantity of air in the mine; and so 
for the other splits. The quantity in 
the seventh column is obtained by 






=^ X a ; or the result may be deter- 
mined more directly by using the relative 
pressures obtained in column 3; the 
quantities will be according to the 
square root of these, thus : 
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i/;-ooi 



X 10000 



With28plits= .^^^^^^^ =27898. 






001 
251 

X 10000 



With 3 splits^ * . -=^ =49463. 



/ -OOl 



.251 

X 10000 



w^i.>i vi. .00490625 „. ^ 

With4splits= -^ - =71526. 



/ 



.001 
^251 



/ -001 



IT X 10000 



With 5 splits = i^^J-...:: = 91469. 

V:001 



^_00l 



.251 
X 10000 



Withe splits^ •""'■^1574 ^107863. 

V.OOl 
'^ 251 



r Am .1 



X 10000 



* With 10 splits= •QQl''jg__ =141704. 

^ .251 
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40. Considering the resistances of the 
shaft and mine in the same proportion 
as in the previous example, but reckon- 
ing the power to remain the same 
throughout, the accompanying table 
(see pages 68 and 59) shows the quantity 
that will pass with the various splits. 

Having explained in the remarks on 
the previous table how the quantities 
have been found, it seems unnecessary 
to do so in this case ; indeed, the tables 
are so constructed as to obviate as much 
as possible the necessity of explanation. 
The results given in this table may be 
found more directly by using the relative 
powers in the third column of the table ; 
the quantities will be according to the 
cube root of these : 



y- 



•«"1 xlOOOO 



With2 splitB= •"^'^,— =19817. 



.251 



'/ 



•«"1 XlOOOO 



With a splits= , "j _ =29030. 

yopi 

^ .251 
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y -TT^^^-r^xlOOOO 

wui.>i« 1-4. .00490625 or,^oo 

With4splits=— — —^-^ =37123. 

^ .261 



'^OOf 



xlOOOO . 
WithS 8plit8= ~^7=r^^ =43737. 

. ^ .251 



y; .001 



With6split8= '^f^574 ^^gg^g 

y.ooi 

^ .251 



y.6oi 



.xioooo 



With 10 8plits=— ^?^L =58558. 

V^ 

^ .251 

41. Mr. Atkinson, in his 7Vca<i«e on 
Ventilation, gives the quantities that 
will pass "supposing a mine to have 
such shafts and airways that when there 
are five equal splits of air the shaft 
resistances amount to one-half of the re- 
sistances offered by the mine ... if 
before splitting the air at all we had a 
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Relalively. 



Divisions of the 
current 



. j Shafts 
^ i Mine. . 

o 3 Shafts 
"^(Mine.. 

o j Shafts 
*^(Mine.. 

A j Shafts 
*(Mine.. 

f- j Shafts 
*^(Mine.. 

« j Shafts 
^ ( Mine.. 

1ft ( Shafts 
^"^Mine.. 




1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 



10 
2 

10 
4 

10 
6 

10 
8 

10 
10 

10 
12 

10 
20 



.001 
.25 



.2.51 



.001 
.03125 

.03325 

.001 
.009259 

.010259 



.001 
^00390625 

^00490625 

.001 
.002 _ 

.003 

.001 
.0011574^ 

.002157£ 

.001 
^0025 

.00125 
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Actual. 




u. 


8. 


a. 


3 / u " 


4. 


5. 


6. 


7. 


260.4 
65100. 


12,000 
24,000 


100 
20 


10,000 
10,000 


65360.4 








2026.7 
63333.7 


12,000 
24.000 


100 
40 


19.817f 
19,8171 


65360.4 








6370.4 
58990. 


12,000 
24,000 


100 
60 


2t),030 
29.080 


65360.4 








13322.5 
52037.9 


12,000 
24,000 


10b 
80 


37,128 
37,128 


65360.4 








21786.8 
43573.6 


12.000 
24,000 


100 
100 


48,737 
43,737 


65360.4 








3U295 9 
35064.5 


12,000 
24,000 


100 
120 


48,818 
48.818 


65360.4 








52288.3 
13073.1 


12,000 
24,000 


100 
200 


58,558 
58,558 


65360.4 
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ventilation of 10,000 cubic feet, of air per 
minute," with the same ventilating press- 
ure in force (see page 59, fourth edition). 
As the figures are dijBferent from those 
obtained above, we have brought them 
into a tabular form, and worked out the 

pressure (p) from the formula 

(see page 62). 

It may be submitted that had Mr. 
Atkinson's quantities been correct, the 
pressure {p) should have been the same 
all the way down in the table; but it 
will be seen that the results are slightly 
different. 

42. Again we have brought Mr. Atkin- 
son's figures of page 60, fourth edition, 
into a tabular form and applied the rules 
^ u=q p=vap to ascertain the power, and 
find the results are not quite the same in 
each case, though the difference is not 
very much, as will be seen from the last 
column of the table on page 63. 

42*. A number of uneven splits subject 
to common pressure may be converted to 
one typical road that will offer the same 
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resistance in passing the same quantity 

of air, in the folio wiog manner: 

Let r= the sum of the separate results 

for each split of — 

1 



</ 



(i)" 



Xs 



a 



Xa' 



=s 



Let a'=the area of the new typical road, 
" s'=rubbing surface of ditto, then 

Example: — Reduce the three uneven 
splits below to one road 6 ft. square that 
will offer the same resistance with the 
same quantity, or pass an equal quantity 
with the same pressure. 



a. 







1 


30 


2 


36 


3 


35 



a. 

t 




59400 
57600 
7:^000 


.674301 
.900009 
.771678 


3.345888 
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Divisions 
of the 
current 


%, 


a. 

100 
20 

100 
40 

100 
60 

100 

80 

100 
100 

100 
120 

100 
200 


9, OS per 
Mr. At 
kinson. 




J j Shafts. 
Mine . . 


12,000 
24,000 

12,000 
24,000 

12.000 
24,000 

12,000 
24,000 

12,000 
24,000 

12,000 

24.000 

• 

12.000 
24.000 


10.000 
10,000 

27,892 

27,892 

49,449 
49.449 

71.527 
71,527 

90,789 
90,789 

107,800 
107,800 

141,710 
141.710 


.02604 
6.51 




6.53604 


o i Shafts . 
^ \ Mine . . 


. .20258 
6.38067 




6.58325 


3 j Shafts . 
\ Mine . . 


.63673 
5.89566 




6.53239 


A j Shafts . 
j Mine . . 


1.83223 

5.20407 


K j Shafts . 
^ \ Mine . . 


6.53630 

2.14688 
4.5i9277 




6.43915 


g j Shafts . 
\ Mine . . 


3.02607 
3.50236 




6.52843 


^n J Shafts. 
^" \ Mine . . 


6.22928 
1.30732 




6.53660 
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Divisions of 

the air 

current. 



J 5 Shafts. 
( Mine . . 



o j Shafts. 
'^ J Mine.. 



o j Shafts. 
i Mine . . 



Ai Shafts. 
I Mine . . 

gj Shafts. 
( Mine . . 

g ( Shafts. 
i Mine . . 



10 



I 



Shafts. 
Mine. . 



8. 



a. 



12,000 
24,000 



12,000 
24,000 



12,000 
24,000 



100 
20 



100 
40 



100 
60 



12,000 100 
24,000' 80 



g, as per 
Mr. At- 
kinson. 



ksv^ 



12,000 
24,000 



12,000 
24,000 



100 
100 



100 
120 



12,000 100 
24,000 200 



10,000 
10,000 



19,813 
19,813 



29,022 
29,022 



37,121 
37,121 



43,736 
43.786 



48,797 
48,797 



58,556 
58,556 



P= 



a 



.026 
6.51 



.1022 
8.1940 



.2193 
2.0308 



u=qp: 
vap 



260.4 
65100. 



65860.4 



2025.81 

63291 . 



65816.81 

6365. 
58938. 



65803. 



.358813319. 
1.4016 52028. 



,4981 
9962 



65347. 



21785. 
43570 



65855. 



.6200 80254. 
.7176 35017. 



65271 



.89286 52282 



.22321 



13070. 
53526. 
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Then 



\2 . 34588/ 



2 



V36/ 



X36' 

^ =8478 5. 



8478 



or =344|^; thus, a road 6 ft. square 

* 

of this length or having a rubbing surface 
of 8478, will be equal to the three divided 
roads above. 

Another example may bo given to 
illustrate this rule. There are five un- 
equal splits subject to one common 
pressure, with dimensions as below; find 
the value of s for a road 6 ft. square to 
give a resistance equal to that of all the 
splits together : 



^ 


Size. 


Length. 


1 


No. 


V a 


1 
2 
8 
4 
5 


fl. ft. 
8x3 
5x5 
4x5 
6x6 
5x5 


1500 
1300 
1200 
1000 
1300 


.6472313 
.7752171 
.6085806 
1. 39427^^9 
.7752171 




4.2005190 



65 

2 



(obosio)^^^^' 



Then ^ \j =2644.24:5., 

(--) the answer. 

\3G/ 
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TO FIND THE QUANTITY THA.T "WILL BESULT 

FROM THE APPLICATION OF A GIVEN 

PRESSURE OR POWER IN A MINE 

HAVING UNEQUAL SPLITS, &0. 

43. If there are a number of equal or 
unequal splits in a mine, all subject to 
one common pressure, the quantities 
that will pass in each split are in propor- 
tion to this formula : 



/-lb 

or finding p for an equal quantity pass- 
ing in each split, the quantities in each 

split will be in proportion to 

Vp 

44. The relative pressures or powers 

to pass the same quantity of air 

through aircourses of different areas and 
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rubbing surfaces may be found by 

2 



& 



or 8 I — ) which formulas we have 
a \a / 

used in obtaining the figures contained 

in the third column of each of the tables 

on pages 50, 51, and 58, 59. 

45. When the aircourses are of the 
same area and perimeter, and the press- 
ure is the same, the quantities are in 
proportion to the reciprocal ^of the 

square root of the length =—~r:: 

46. The water-gauge due to friction is 
9 in. The downcast is 10 ft. in diame- 
ter and 70 fathoms deep, the upcast is 9 
ft. diameter and 70 fathoms deep. The 
aircourses underground are as follows . 

One 900 yards long 6 ft. X 5 ft. 

800 '* 6 ft. X 6 ft. 

" 1,000 " 7 ft. X "5 ft. 

Find the quantity of air passing, apply- 
ing Mr. Atkinson's co-efficient of friction 
throughout — 

.9 in. X 5.2 = 4.68 lbs. pressure. 



68. 

In this case we proceed to find the 
pressure necessary for passing 40,000, 
which altogether announts to 8.8561 lbs., 
then as a/8.856T: 40,000 : : \/468= 
29,077, as worked out in the table (page 
69), the formula at the head of each col- 
umn explains where necessary the man- 
ner of proceeding ; it has been assumed 
that the splits are subject to one com- 
mon pressure. 

47. The next table (page 70) is given by 
way of exercise for the student — the ques- 
tion being, What quantity of air will pass 
through the mine with a total pressure 
of 8 lbs. per square foot, the current be- 
ing divided as specified, Nos. 1 and 2 be- 
ing the shafts, 3, 4, 5, and 6 splits, sub- 
ject to the same pressure? It is not 
necessary here to explain how the figures 
in the first seven columns of this table 
have been obtained, but those of col- 
umn 8 are on the assumption that 40,- 
OOO ft. of air pass through each division 
(any other quantity might have been as- 
sumed) ; column 9 is the the reciprocal 
of the square root of the pressure given 
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in column 8. In column 10, we give the 
quantities that pass in each division 
when the total is 40,000 ; of course the 
two shafts (1 and 2) pass the total quan- 
tity of 40,000, and the quantity in each 
division underground is in direct pro- 
portion to the figures given in column 9. 
In column 11 it is seen that the total 
pressure required to pass 40,000 is 14.21 
lbs., but as only 8 lbs. is the pressure in 
force, we proportion the figures in col- 
umn 12 with those of 11, so that they 
amount to 8 lbs. and then we find if 
A/i42i give 40,000 that V8~will give 
30,012, and that the quantities passing 
in each split 3, 4, 5, and 6 will be accord- 
ing to the figures given in colulan 13, 
and the total power (w) as per column 
14, will be 240,096. 

48. By way of exercise for the student 
it has been further assumed that another 
aircourse (No. 7) 5 x 5 and 1,300 ft. long 
be added to those enumerated in the 
previous paragraph, and that the power 
in force remains the same. With these 
conditions the quantity passing, it will 
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be seen, is only increased from 30,012 to 
30,744, as per table on page 73. 

In this case we have proportioned the 
quantities in each split by the figures in 
column 7 ; and in taking 30,012 as the 
total quantity of air passing we find the 
pressure, as per column 9, to be 7,442 ; 
this multipHed by the quantity gives 
223,349 units; then we find if V223349 
give 30,012 that theV240096 gives 30,- 
744, and the quantity in each split is 
proportioned again according to the fig- 
ures in column 7. The pressure, p, in 
column 11 may be obtained by propor- 
tioning it with the figures in columns 8, 
9, and 10, or by working out directly 
from the quantity in column 10 by the 

formula — p=: , and u in column 12 

is obtained by multiplying the figures in 
columif s 10 and 11 together ; and it will 
be seen that the total units in this col- 
umn amount to 240,098, which is correct 
within 2 units in the previous table. 

49. Suppose a mine to have two spUts 
of air only, one offering five times as 
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much resistance as the other, and that 
the ventilating pressure required to cir- 
culate the air through the shafts and un- 
divided airways is one-twelfth of the 
whole ventilating pressure. With a total 
quantity of 100,000 feet passing per min- 
ute, and putting the rubbing surface of 
the shafts at 10,000 and area at 100, then 
the figures in the table below will show 
the relative rubbing surfaces, areas, 
quantities, and pressures meeting these 
conditions. 



Divisions 
of the air. 


B. 


a. 


S'- 


P- 


Shafts 

Mine • 


10,000 

1,151.912 

230,388 


100 
100 
100 


100,000 
30,902 
69,098 


2.17 

j- 23.87 

26.04 



50. If the pressure remain the same as 
stated in previous paragraph, and there 
are three splits offering resistances in 
the ratio of 3, 2, 1, then the relative 
quantities, rubbing surfaces, areas, and 
pressures will be according to the fol- 
lowing table : 
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Divisions 
of the air. 



Shafts. 
Mine.. 




10,000, 100148,869 

691,1501 100 37,623 

460,767 100 46,079 

230,383 100 65,167 




26.04 



The examples given in this and the pre- 
vious paragraph are to be found in an- 
other foim at page 182 in the Transac- 
tions of the North of England Institute 
of Mining Engineers, Vol. VI. 

51. If the downcast and upcast shafts 
of a colliery are each 180 fathoms deep 
and 12 ft. 5 in. diameter, and with one 
undivided aircourse in the mine having 
a=36 and «=120,000, the quantity of 
air circulating is 15,000 cubic feet per 
minute, what quantity will pass when 
there are 2, 3, 4, 5, and 6 equal splits, 
the pressure remaining the same? In 
the first place we find the total pressure 
required to pass 15,000 ft. of air with 
only one aircourse is 12.78954 lbs., then 
we find what the relative pressures are 
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Divisions of 
the current. 


1 
■ 

a. 


8. 


Relative 
pres'ures on a 
quantity of 
15,000= 

a 




No 


1. 


'■ 


3. 


4. 




1 
2 


j Shafts.. 
( Mine... . 

j Shafts . . 
( Mine 

j Shafts . . 
( Mine 

j Shafts . . 
( Mine 

j Shafts . . 
( Mine 

3 Shafts.. 
i Mine 


121.087 
36 

' 121.087 
72 

1 

, 121.087: 
' 108 

1 

121.087 
144 

121.087 
180 

121.087 

216 j 

1 


84,240 
120,000 

X 

84,240 
120,000 

84,240 
120,000 

84,240 
120,000 

84,240 
120,000 

84,240 
120,000 


.231669 
1.569734 


. 




1 . 801403 




3 


.231669 
465106 




.696775 


4 


.231669 
.196217 




.427886 


6 


.231669 
.100463 




.332132 


6 


.231669 
.058138 




. 289807 
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P' 


t 

1 

1 
1 

1 


u. 


5. 


6. 


7. 


.231669 
12.557871 


15,000 
15,000 

39,968 
39,968 

1 

64,265 
64.265 

82,008 
, 82,008 

93,082 
93,082 

99,647 
99,647 

1 


3,475 
188,368 


12.789540 


191,843 


1.644796 
11.144744 




12.789540 


511,172 


4.252363 

8.537177 




12.789540 


821,920 


6.924602 
5.864938 


• 


12.789540 


1,048,845 


8.920971 
3.868569 


■ 


12.789540 


1,190,476 


10.223839 
2.565701 




12 789540 


1,274,439 
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on 15,000 in the case of all the splits, as 
per column 4 ; the pressure in column 5 
is then apportioned directly according 
to the figures in column 4 ; and from the 
pressure in column 5 we ^get the quan- 
tity in column 6 by the rule — Yyt ^ ^ 

A/ S 

and u is got by multiplying p and q to- 
gether. 

Supposing it be required to know 
what quantity will pass with the power 
(u) remaining the same, we find by the 
table that this a;mounts to 191,843 units 
when the air is passing round the mine 
in one current, then by the table we see 
that with the same pressure there are 
39,968 feet of air passing with two splits, 
and that the power (w) amounts to 511,- 
172, then we say 

As ^ V511172 : 39968 ::Vl91843: 28666, 

the quantity of air that will pass when 
there are two equal splits, and the power 
remains the same, or we work out the 
results in the case of all the splits as 
foUows : 
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V511172 



V821920 

^ A/i9i843 X 82008 

A/i0488i5 



With48plits=-^^4":^°^^^^ 



w+v. »t r*. ''v/191843 X 93082 „„_ 
With 5 splits =^ — — TT =50370 

^ V1190476 

With6splits=^-^1^^1^^^^^^^ 

^ \/1274439 
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ASCENSIONAL VENTILATION. 

52. By ascensional ventilation is meant 
the art of conducting the air under- 
ground so that it shall in the first place 
go directly to the lowest part of the 
"workings and afterwards rise as it re- 
turns to the bottom of the upcast shaft. 
The intake generally being colder than 
the return, by this system return air is 
made to ascend and not descend. There- 
is a loss of power in conducting return 
air downwards to the upcast, and this is 
a practice that should be avoided as much 
as possible. 

53. The rules and tables referring to 
the friction of air and to the different 
quantities that will circulate with cer- 
tain pressures, as given in the previous 
chapters, apply only to horizontal chan- 
nels and not to dip and rise roads ; for 
in practice it is found, whilst the quanti- 
ties of air that will pass in different splits 
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in the same horizontal plane preserve the 
same proportion whatever the ventila-. 
ting pressure may be, such is not the 
case with dip and rise plits. 

54. The reason of this is that there is 
a difference between the density of the 
intake and return air due to change of 
temperature, the mixture of watery va- 
por, the emission of gases, &c., and as 
the return air of any current is generally 
less dense than the intake (on account 
of the gases emitted being usually lighter 
than common air, &c.) there is mostly a 
natural influence at work in favor of the 
intake current passing to the dip, and 
returning by an ascending route, and 
against the air going first to the rise and 
returning by a descending road. Sup- 
posing a dip and rise split to be subject 
to one common ventilating pressure, in 
the case of the dip split there is to be 
added the pressure due to natural influ- 
ences, in the case of the rise split the 
pressure due to natural influences is to 
be deducted from the general ventilating 
pressure, and thus it happens if there be 
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a long split and a short one, both level, 
in order to pass equal quantities of air 
in each it will be necessary to put a regu- 
lator in the short one ; and on reducing 
or increasing the ventilating pressure 
the quantities will still be equal, but if 
the long one is a dip split and the short 
one a level one, on reducing the total 
quantity of air the long split will get a 
greater proportion than originally. On 
the other hand, if the long split is a rise 
one and the short split a horizontal one, 
on reducing the total quantity of air the 
long split passes less and the short one 
more than the original share. This fact, 
so repeatedly proved in practice, clearly 
shows the value of the principle of ascen- 
sional ventilation and the mistake in car- 
rying return air down the bank. If, 
however, the returns were charged with 
gases heavier than common air to such 
an extent as to render them more dense 
than the intake air, the opposite results 
would take place on reducing or increas- 
ing the general ventilating pressure in 
the case of dip and rise splits. This, 
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however, is an exceptional case, for, as 
said before, the return air of mines is 
generally less dense in consequence of 
being usually higher in temperature, and 
impregnated with the lighter gases ; and 
it is therefore, speaking generally, wrong 
in principle to bring return air down tJie 
hill. The descent of return air in places 
which give off fire damp has been, and 
is likely to be, the cause of serious explo- 
sions. 

55. Tn coUeries giving off fire damp it 
is well to have the return aircourse on 
the upper side of the workings ; by this 
means the gas will be naturally drained 
away by gravity from the goaves or 
where workmen are employed. 

56. If the ascensional principle of ven- 
tilation be carried out, the exudation of 
carburetted hydrogen in a mine will have 
the effect of increasing the ventilation. 
The light specific gravity of the fire 
damp, as compared with that of air, will 
be equal to an additional ventilating 
pressure. This principle appears to be 
well understood in Belgium and in West- 
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phalia, particularly so in the last-men- 
tioned coalfield, where, according to the 
experience of the writer, it is the pre- 
vailing system. 

57. In furnace ventilation the best cur- 
rent of air is produced by having the 
furnace placed on the dip side of the 
underground workings, because in that 
case a longer motive column or ventila- 
ting pressure is obtained ; but in steep- 
lying seams the advantage derived by the 
natural ascendancy of warm air and light 
gas is not only lost, but an additional 
pressure equivalent to this advantage is 
required to bring the light air down to 
the bottom of the upcast. Hence, ven- 
tilating fans made to exhaust Jbhe air 
from a shaft on the rise side of the work- 
ings are both in point of economy and 
safety* better for ventilating steep seams 
than furnaces placed on the dip side. 

58. If we suppose the rise workings 
to reach the vertical height of 50 fath- 
oms, and the temperature of the intake 
be 65 degs. and return 85 degs., there 
will be a natural pressure due to tem- 
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perature alone of 1 lb. per square foot, or 
one-fifth of an inch of water gauge in 
favor of mechanical ventilation with up- 
cast shaft at the rise of the workings, 
and against furnace ventilation with the 
upcast at the dip, in addition to the ex- 
tra resistance consequent on the in- 
creased length of aircourse and upcast. 
In order to make this plain to the stu- 
dent, we take from the table of the weight 
of air given undei^ paragraph 6 the weight 
of a foot at 55 degs. =.0773515, and mul- 
tiply this by 300=23.20545, and deduct 
the weight at 85 degs. =.0730858 multi- 
pHed by 300=21.192674, which gives a 
difference of 1.01 lb. 

59. The average temperature^of a fur- 
nace upcast may generally be taken at 
100 degs. (at least) more than that of the 
mine, and consequently the increased 
pressure obtained at the bottom of the 
upcast by this increased length of heated 
air column will overcome any local press- 
ure in the mine and compel the air to 
travel down-hill from the rise workings 



86 

to the furnace, but this will be at the 
expense of additional fuel. 

60. It has been stated that the gases 
emitted ^from mines are generally such as 
to render the return air lighter than the 
intake. This, however, depends on the 
specific gravity of the gas. The table 
following shows the specific gravity of 
the various gases met with in mines and 
the relative altitude they usually assume: 

S.G. 

Hydrogen 0.069 

Carburetted hydrogen .... 0.550 

Aqueous vapor. , 0.620 

Nitrogen and Miasma 0.976 

defiant 0.980 

Air 1.000 

Oxygen 1.100 

Sulphuretted hydrogen. . .1.190 

Carbonic acid 1.520 

Sulphurous acid 2.120 

Those gases which are lighter than 
air have an influence in favor of the as- 
censional principle of ventilation ; those 
which are heavier will act prejudicially 
to it. 
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VELOCITY OF AIB. 

A velocity of 6 in. per second or 30 ft. 
per minute is enough to deflect the flame 
of a candle, and 3 ft. per second is suffi- 
cient to remove and render harmless the 
ordinary discharges of fire damp. A re- 
turn aircourse 7 ft. square passing 30,000 
cubic feet of air per minute gives a ve- 
locity of about 10 ft. per second. In 
many of the furnace pits of the North of 
EngJand the air travels at a velocity as 
high as 30 ft. per second. It is not al- 
ways practicable, however desirable, to 
reduce the velocity in returns or upcast 
shafts to a. minimum, but it is very im- 
portant that the air in the working parts 
of a mine should not travel at less than 
say 2 ft. per second, or more than 7 ft. 
The medium between these would be the 
best average velocity ; but a very much 
greater velocity than this is attained in 
some collieries. 
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62. There are several reasons why air 
should not travel at a high velocity. One 
is because, if it be very much surcharged 
with fire damp, enough to render it in- 
flammable, there is a danger of some of 
the commonly used lamps exploding. 
Another reason is that the pressure re- 
quired to overcome the friction is ac- 
cording to the square of the velocity, and 
the power according to its cube. The 
following table shows the relative press- 
ures and powers required to move the 
air through the same aircourse at the 
velocities stated : 



Velocity in ft. 


Relative 


Relative 


per second. 


pressures. 


powers. 


3 


1. 


1. 


4 


1.77 


2.37 


5 


2.77 


4.63 


6 


4. 


8. 


7 


5.44 


12.70 


8 


7.11 


18.96 


9 


9. 


27. 


10 


11.11 


37.03 


13 


16. 


64. 


14 


21.77 


101.63 


16 


28.44 


151.70 
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Thus we see there is 16 tiines the press* 
Tire and 64 times the power required to 
pass the air through the same channel, 
at a Telocity of 12 ft. per second that is 
necessary at 3 ft. per second. Thirdly, 
when air travels too rapidly it is dis- 
agreeable to the workmen and all who 
have to move in it ; and it is difficult to 
prevent the light from being blown out. 

63. Each split should have a current 
of 8,000 or 10,000 cubic feet per minute 
and the latter quantity at a velocity of 5 
ft. per second would require an area of 
33 square feet. 

An inflammable mixture of pit gas and 
air, moving at the rate of 8 ft. per sec- 
ond wiU explode most of the ordinary 
safety (?) lamps. 
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THE OO-EPFICIENT OF FRICTION. 

64. Throughout this treatise we have 
used the co-efficient of Mr. Atkinson, 
namely, .0000000217 lb. for each foot of 
rubbing surface, and a velocity of 1 ft. 
per minute. From this we find that 
v=6788 



i/-f , because '/:oOOO»i7=«^««- 

65. Mr. D. K. Clark, in his most ex- 
cellent book, JRules, Tables and Data 
for Mechanical Engineers, gives the fol- 
lowing formula for the "flow of air 
through passages of any form of sec- 
tion" (substituting the notation used 
throughout these papers it is) : 

^ s 

and to bring this into the same terms as 
above : 



1)1 

796 X 60 



therefore : 



=20,944, 



|/^ 



v= 20,944 

66. M. Devillez, in his Ventilation des 

Mines, uses a co-efficient which is equal 

to .00000000951 lb. for each foot of rub- 

. bing surface and a velocity of 1 ft. per 

minute, now as : 



67. Recapitulating, we see that the 
velocity is found according to these three 
authorities as below : 

• Per Atkinson, u= 6,788i/^ 
Per Devillez, i;=10,253i/^ 

^ 8 

Per Clark, v=20,944i/^ 

' 8 

68. The writer is inclined to think 
that Mr. Clark's formula is deduced 
from experiments with passages having 
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smoother sides than those of under- 
ground roads generally, and consequent- 
ly the friction is not so great ; he has 
confidence in the result obtained by M. 
Devillez, but thinks until further experi- 
ments have been made it would be suffi- 
ciently near, as an average for under- 
ground passages, to use 10,000 y— . 

This would be equal to .00000001 pound 
per square foot of rubbing 'Surface, or 

100,000,000 ^^^ * ^^^°'^*y °* °°^ *''°* P^"" 

minute, or .01 lb. or -^ for a velocity of 

1,000 ft. per minute, and these are 
factors that could be both easily re- 
membered and used in calculation. 
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NOTE. 



69. In the preceding pages calcula- 
tions have been gone into to show the 
quantities of air that will circulate under 
certain conditions; it is necessary to state 
that these conditions never exist practical- 
ly ; for example, " equal splitting," as has 
been explained under paragraph 31, can- 
not very well exist in a practical sense ; 
then again in considering '* unequal 
splitting," it has been assumed that the 
splits are all subject to one pressure; 
this can only be the case when all the 
spHts divide from the main current at 
one point, and reunite again in the re- 
turn at one point, which will not be found 
to be the case practically. It has 
already been pointed out in the earlier 
pages that one of the conditions — as 
sumed to exist — is wanting in the 
case of dip and rise splits. Another 
condition affecting the consideration of 
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the quantities that will pass with vari- 
ous powers or pressures is the co- 
efficient of friction; in the calcula- 
tions it has been assumed that one co- 
efficient applies throughout the whole 
ramifications of the mine, from the en- 
trance of the air at the mouth of the 
downcast till it escapes at the top of the 
upcast ; but from experiment it has been 
found that the co-efficient varies with 
the nature of the rubbing surface ; that 
in an arched tunnel or brick-lined shaft, 
for example, it is not nearly so much as 
for the ordinal y channels of a mine. It 
has likewise been assumed that all the 
air which enters the mine passes com- 
pletely through it, but this is not the 
case practically; air escapes at doors, 
stoppings, crossings, brattice, and 
through goaves, &c., and this to a very 
large extent in some collieries. 

70. The amount of this fugitive air, if 

' it may be so called, is not always a cri- 

' terion of the ability displayed in carrying 

out the ventilation ; in collieries having 

good means of producing air, and with 
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limited workings, it is more permissible 
than in extensive collieries which require 
all the air in-bye that can be obtained ; 
in such cases as the latter care must be 
taken to prevent the escape of air by tak- 
ing the short route to the return, instead 
of passing through the working places. 

71. All open places in a coal mine, 
whether in work or not, should have air 
passed through them, and in no case 
should old workings be shut up with 
air-tight stoppings; such a practice is 
very likely to lead to some casualty 
through places of this kind becoming 
dangerous magazines of gas. 

72. It is hoped the calculations that 
have been gone into may be of some as- 
sistance to students in undertanding the 
question. The principal matter of this 
essay was worked out some twelve 
months ago, when the writer intended 
to consider the subject further; since 
then, however, his engagements have 
prevented him from devoting the neces- 
sary time to it, and for this reason cer- 
tain experiments on the subject cannot 
at present be utilized. 
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Pavements. ByQ. A. Gillmore. Lt.-Col. 
U. S. Engineers, Brevet Mi^or-General U. 
S. Army. Seventy illustrations. 12mo, olo., 2 00 

GILLMORE. Report on Strength of the Build- 
ing Stones IN the United States, etc. 
8vo, cloth, ....... 1 00 

HOLLEY. American AND European Railway 
Practice, in the Economical Generation ;; 
of Steam. By Alexander L. HoUey. B. P. 
With 77 lithographed plates. FoUo, cloth, 12 00 
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